Amino acid residues contained in the recognition sites of seryl-transfer ribonucleic acid (tRNA) synthetase (SerRS) were studied by chemical modification.
Introduction
During the course of investigating the functions of serine transfer ribonucleic acid (tRNA) in higher vertebrates, we purified seryl-tRNA synthetase (SerRS) from bovine liver." One kind of serine tRNA is a natural opal suppressor2) and is phosphorylated to phosphoseryl(Ps)-tRNA by tRNA kinase.
3) The incorporation of Ps into the read-through protein of fl-globin was found.4) The role of this tRNA is not clear. Ps-tRNA did not participate in phosphoserine aminotransferase catalysis or in the regulation of protein synthesis by competition for UGA with RF.5,6) Ps-tRNA should have a role in the synthesis of glutathione peroxidase, whose messenger ribonucleic acid (mRNA) contains the UGA codon for selenocysteine in the active site.7-10)
The recognition mechanism between tRNA and aminoacyl-tRNA synthetase has not been fully elucidated:1'12) The crystallographic analysis of a complex of TyrRS and the substrates from Bacillus stearothermophilus was reported. ' 15) Eleven possible hydrogen bonds between TyrRS and tyrosyl adenylate were clarified.16,7) Studies with some mutants of TyrRS indicated interactions between histidine residues of TyrRS and the substrates (Tyr, adenosine triphosphate (ATP) tRNA). 18, 19) In the case of yeast, the possiblity of an interaction between tRNAAsP and lysine residues of AspRS was reported. 20) The interaction between the 3 '-end of tRNA and aminoacyl-tRNA synthetase was indicated on the peptide map' ) or by photo-crosslinking. 22 ) In this paper, we report the interaction between SerRS and the substrates (tRNAser, Ser or ATP) studied by chemical modification of SerRS, as well as some kinetic parameters of bovine SerRS for some serine tRNA species. 
Results
Chemical Modification of Ser Residues on SerRS by PMSF Figure 1 shows the chromatographic patterns on a column of Sephacryl S-300 in the presence (lower column) or absence (upper column) of PMSF. The serine acceptor activity was eluted between standard ferritin (460 kDa) and immunoglobulin G (IgG) (146 kDa), and gave an apparent molecular weight of 160 kDa in both cases. This result shows that the aminoacylation was not inhibited by PMSF and that serine residues on SerRS did not participate in the reaction. SerRS was reported to be a dimer in the native state and to dissociate to the monomer of molecular mass 80 kDa in SDS solution." In Fig. 1 , no activity was found at the position of the monomer. This result shows that either SerRS does not dissociate to the monomer in this solution, or the monomer of SerRS has no activity. Figure 2 shows a plot of the remaining activity of SerRS, on which His residues were modified by DEP, against the reaction time. Since the activity was decreased to 30% after incubation for 10 min, it was considered that His residues on SerRS wre related to the active sites. Figure 3 shows the remaining activity of SerRS modified at Arg residues by PGO as a function of time. With increasing concentration of PGO, the inhibition of serine acceptor activity increased, with almost no activity after 30 min at 5 mm PGO. Table I shows the protective effects of nucleotides, Ser, and tRNA against inactivation of SerRS by PGO. ATP, bovine tRNAser, tRNA sjk provided good protection against inactivation. However, Ser, adenosine diphosphate (ADP), and Ser + ATP provided no protection against inactivation. AMP provided a slight protection. This different protection by ATP, ADP, and adenosine a) Enzyme was inactivated (+ ) or not inactivated (-) as shown in the third column. h) The inactivation by the reagent was almost completely prevented ( + +, 90-100% inhibition), partially prevented (+, 10-30% inhibition) or not prevented (-) by the substrates as shown in the fourth column, and n is not determined. c) The results are shown in Table I provided protection against inactivation (data not shown). Bovine tRNA Ser also provided partial protection, but Ser and tRNA Ser OX provided no protection against inactivation. This result suggests that sulfhydryl groups on SerRS interact with the OH residues of adenosine in the 3'-end of tRNA. Also, ATP may interact with sulfhydryl groups while Ser may not. . Table  II showed that Arg residues interacted with tRNA, but that the adenosine of the CCA-end was not involved in the interaction.
Chemical Modification of His Residues by DEP and Arg Residues by PGO
SerRS was inactivated by sulfhydryl reagent, and this result showed that sulfhydryl groups were related to the active sites. The difference between the results with different sulfhydryl reagents was considered to reflect the reactivity of the reagents or the positions of the modified sulfhydryl groups. As shown in Table II , the complete protection by ATP indicates that ATP interacted with sulfhydryl group. It was reported that the thiol-containing side chain of Cys-35 of TysRS formed a hydrogen bond with the 3 '-OH of the ribose of ATp. 16, 17) In order to study in detail the interaction between SerRS and substrates, it will be necessary to investigate the protective effects of ligands in the ATP-PPi exchange reaction. It must also be ascertained that the inactivation by these reagents does not depend upon conformational changes of SerRS but is due to modification of residues at the active sites of SerRS. 
